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A. ELECTRON EMISSION PROBLEMS
1. A Redetermination of the Crystallographic Variation of Electron
Field Emission from Tungsten
The first field emission projection tube constructed for this project did not have a
sufficiently high vacuum for the desired measurements. After tube No. 1 had received
extensive vacuum processing but was still on the pumps, the Bayard-Alpert ionization
gauge on the tube indicated an equivalent nitrogen pressure of 3.9 x 1011 mm Hg,
which is close to the X-ray limit for this type of gauge. However, when field emission
currents were drawn for periods of the order of 30 seconds or more, the pressure
increased to values proportional to the field emission current. The proportionality
factor was 3 x 10-11 mm/a in the current range from 0.2 4a to 50 ka. After tube No. 1
was sealed off, the rate at which the field emission pattern contaminated was also found
to vary linearly with field emission current for currents above 0. 2 4a, indicating that
a pressure increase linearly dependent upon current was still present. This pressure
increase undoubtedly comes from gas driven off from the phosphor and stannous oxide
"conducting glass" anode.
In an attempt to find the cause and remedy for this pressure increase a second tube
has been constructed and is now on the pumps. Tube No. 2 is identical with tube No. 1,
with these exceptions: Tube No. 2 has a zinc sulphide phosphor instead of a zinc silicate
phosphor, and has an additional side tube in which there are two tantalum filaments.
After seal-off, these filaments will be heated to a temperature that is sufficient to evap-
orate tantalum onto the walls of the side tube. J. A. Becker, Bell System Tech.
J. 30, 907 (1951), has shown that such a tantalum film acts as an efficient getter of
chemically active gases in the very low pressure range.
Tube No. 2 has received five cycles of vacuum processing to date. Each cycle con-
sists of an overnight bake at 430'C, an outgas for several hours of all metal electrodes
at a temperature just short of metallic evaporation, and a phosphor bombardment for
many hours by 100 4 a of field-emitted electrons. The pressure rise induced by field
emission currents has been reduced by a factor of ten in comparison with that in tube
No. 1. After tube No. 2 has been sealed off, a study will be made of the stability of field




2. Energy Dependence of Electron-Produced Poisoning of Oxide Cathodes
Poisoning is an effect which causes reduced emission in vacuum tubes that have oxide
cathodes as emitters. Decomposition of surface deposits on the anode produces the
poisoning effect, and the rate of decomposition depends on the energy of the impinging
electrons. This effect has never been studied quantitatively.
A research project has been undertaken to study the relationship between the reduc-
tion of emission from oxide cathodes, caused by poisoning, and the energy of the emitted
electrons as they strike the anode. This investigation will require the design, construc-
tion, and use of vacuum tubes that are not only suitable for such a study, but that also
contain elements that are of use in practical tubes.
J. D. Hobbs, L. W. Swenson
B. LOW PRESSURE GAS DISCHARGE
1. Study of the Positive Column Plasma
The properties of the plasma in a cylindrical dc discharge tube are being studied.
Ambipolar diffusion in the longitudinal direction, as well as in the radial direction,
is being considered for the case of direct ionization in a cylindrical plasma. Tentative
expressions for the potential distribution and electron and ion density as functions of the
radial and axial coordinates have been obtained, subject to certain simplifying assump-
tions.
A preliminary calculation of the axial potential gradient in terms of the pressure,
tube radius, and longitudinal current density has also been made. There is difficulty
in interpreting the results because the boundary conditions of the plasma depend upon
these same three parameters.
The radial gas temperature distribution in the plasma has been calculated from
energy transfer considerations with the help of certain approximations.




In the operation of glass-walled tubes, it is well known that there is often helium
entering by diffusion through the walls. It has been found in ionization gauges that when
the helium atoms are ionized the pressure continually decreases down to a steady-state
value that is dependent on the rate of diffusion and a term which is a function of the
parameters of the gauge. This last term is called cleanup. Since there has been some
debate concerning the mechanisms responsible for the cleanup of helium, it has been
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the purpose of recent work to study this phenomenon in the Bayard-Alpert ionization
gauge.
Experiments were first carried out with the gauge wall at room temperature. The
results seem to indicate that the singly ionized helium atoms are responsible for clean-
up. The work also showed the relation between the steady-state pressure in the tube
and the electron current used to ionize the gas. Some unexplainable fluctuations in the
data indicated that some varying parameters should be eliminated.
Studies then were made with the gauge walls at a very low temperature. The tube
was immersed in liquid air during the time of cleanup, and the results showed that there
was no experimentally observable diffusion of helium through the walls. Thus, the
cleanup process alone was observed, and the data indicated again that the singly ionized
helium atoms were the ones cleaning up. Another check will be made at this low tem-
perature. Investigations at temperatures between room temperature and that of liquid
air will be made. From this series of experiments, it should be possible to draw quite
definite conclusions concerning the mechanisms of cleanup of helium gas in the Bayard-
Alpert ionization gauge.
D. H. Dickey
2. An Infrared Radiation Pyrometer
Work has been primarily concerned with improving amplifier stability and response.
In addition, a more rigid optical system has been constructed for preliminary measure-
ments.
The major modifications of the amplifier include the elimination of the preamplifier
stage and an increase in the gain of the feedback loop. These modifications have reduced
the background noise and instabilities in the amplifier to a point where they are now
negligible. The single-channel optical system now being used eliminates mechanical
vibrations of the lead sulphide detector which could lead to variations in its output signal.
Preliminary measurements are in progress to determine the characteristics of the
modified unit. These measurements indicate that the lower limit of measurable tem-
perature is somewhat below 200*C. Further measurements will have to be made before
the accuracy of the instrument in various temperature regions can be stated.
W. M. Bullis
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